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Abstract Progressive growth of metastatic Lewis lung
carcinoma (LLC-LN7) tumors is associated with increased
levels of bone-marrow-derived CD34+ cells having natural
suppressor (NS) activity toward T cells. The present studies
determined whether tumor-derived products are responsible
for this induction of NS activity. Culturing normal bone
marrow cells with LLC-LN7-conditioned medium (LLC-
CM) or with recombinant granulocyte/macrophage-colony-
stimulating factor (GM-CSF) resulted in the appearance of
NS activity. The development of NS activity coincided with
a prominent increase in the levels of CD34+ cells. That the
CD34+ cells were responsible for the NS activity of the
bone marrow cultures containing LLC-CM was shown by
the loss of NS activity when CD34+ cells were depleted.
The stimulation of CD34+ NS cells by LLC-CM was
attributed to tumor production of GM-CSF, since neutrali-
zation of GM-CSF within the LLC-CM reduced its capacity
to increase CD34+ cell levels. Studies also showed that the
induction of CD34+ NS cells by LLC-CM and GM-CSF
could be overcome by including in the cultures an inducer
of myeloid differentiation, 10,25-dihydroxyvitamin D3
[1,25(OH)2D3]. These results demonstrate that the mecha-
nism by which the LLC-LN7 tumors stimulate increased
levels of CD34+ NS cells from normal bone marrow is by
their production of GM-CSF and that this can be blocked
with the myeloid differentiation inducer 1,25(OH)2Ds.
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Introduction

Cancers are vulnerable to immune effector cells such as
macrophages, lymphokine-activated natural killer cells and
tumor-specific cytotoxic T lymphocytes [8, 18, 34]. How-
ever, the functions of lymphocytes, including those of
tumor-infiltrating lymphocytes, are suppressed in cancer
patients and in animal tumor models [1, 2, 25, 28, 45].
While tumors can directly inhibit immune function by
producing soluble immune inhibitory factors, they can
also stimulate the increased appearance of immune sup-
pressor cells. Such suppressor cells include suppressor T
cells or macrophages [3, 4, 14, 22, 29]. In addition, tumors
can induce suppressor cells that are not typical T cells or
macrophages. Instead, these suppressor cells are a less
mature population that exhibits natural suppressor (NS)
activity, which is described as non-specific suppression of
immune function [17, 26, 32, 42, 43].

NS cells have been described in human cancers, animal
tumor models, in non-tumor models where myelopoiesis is
stimulated, and in normal human bone marrow [5, 7, 11, 13,
23, 24, 32]. Our studies and those of others have shown that
tumor production of granulocyte/macrophage-colony-stim-
ulating factor (GM-CSF) correlates with an increased
presence of NS cells [26, 36, 42]. Many tumor types,
such as human prostatic, ovarian, lung, and head and
neck cancers, and an equally broad spectrum of murine
tumors, express GM-CSF mRNA and protein [6, 9, 16, 27,
30, 39, 42]. Using the murine metastatic Lewis lung
carcinoma (LLC-LN7) tumor model, we previously showed
that NS cell levels increase during progressive tumor
growth, appearing first in the bone marrow, and then also
in the spleen and within the tumors [31, 36, 43]. Similar NS
cells were shown to be within human head and neck
squamous cell carcinomas (HNSCC) cancers and in the
peripheral blood of patients with these cancers [12, 42]. The
NS cells in HNSCC patients as well as those in the LLC-
LN7 tumor model have been identified as CD34+ granulo-
cyte/macrophage progenitor cells having the capacity to
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develop into mature progeny such as granulocytes, mono-
cytes or dendritic cells [12, 36, 43].

While our studies with murine and human tumors had
shown that tumor production of GM-CSF correlates with
the appearance of CD34+ NS cells, it has been assumed that
these CD34+ NS cells develop as a result of the tumor-
derived GM-CSF. The present studies aimed to determine if
tumor-derived products are sufficient to induce the expan-
sion of bone marrow-derived CD34+ NS cells and whether
the proliferative signals of the tumor-derived products can
be overcome so as to stimulate differentiation of the CD34+
NS cells into nonsuppressive progeny.

Materials and methods

LLC-LN7 tumor cells

Studies used a cloned LLC-LN7 tumor line that was originally derived
from a metastatic lung nodule of a mouse bearing a s.c. LLC tumor.
These cells were cultured in RPMI-1640 medium containing 10%
endotoxin-free defined fetal bovine serum as previously described [43].
Conditioned medium from the LLC-LN7 cells (LLC-CM) was obtain-
ed from 24-h cultures of approximately 5x 105 LLC-LN7 cells/ml. For
studies requiring tumor-bearing mice, 106 LLC-LN7 cells were im-
planted by s.c. injection into 8-week-old C57BL/6 mice (The Jackson
Laboratory, Bar Harbor, Me.). After 3 weeks of tumor growth, mice
were sacrificed, and bone marrow cells were collected and used as
described below.

Bone marrow cultures

Normal bone marrow cells were flushed from the femurs of 8 to 10-
week-old C57BL/6 mice. After they had been distributed into a single-
cell suspension, cells were counted and seeded at a density of 2x 106/
ml in either medium only, 40% LLC-CM, or 100 U/ml mouse
recombinant GM-CSF. Some cultures also contained 10 nM 10,25-
dihydroxyvitamin D3 [1,25(OH)2D3,], a concentration that we had
previously found to be most effective for immune enhancement [12,
35]. In other studies, the LLC-CM were first preincubated with 4 pg/ml
neutralizing anti-GM-CSF antibody or isotype control irrelevant anti-
body (Pharmingen, San Diego, Calif.). After 3, 8 or 12 days of culture,
both adherent and nonadherent cells were collected by removing the
nonadherent cells, detaching the adherent cells with a rubber scraper
and pooling these adherent cells together with the nonadherent cells.
Cells were counted and used for either immunostaining or for assess-
ment of NS activity. Control cell populations included freshly collected
bone marrow cells either from normal mice or from mice bearing LLC-
LN7 tumors that were approximately 15 mm in diameter.

Levels of CD34+ cells

Levels of CD34+ cells within freshly isolated or cultured bone marrow
cells were measured after staining by indirect immunofluorescence
using ER-MP12 antibody (BMA, distributed by Accurate Chemical,
Westbury, N.Y.). Bone marrow cells were incubated on ice with either
the ER-MP12 antibody or isotype control for 45 min, washed, and then
additionally incubated for 45 min with fluorescein-isothiocyanate
(FITC)-conjugated rabbit anti-(rat Ig) antibody. The cells were then
washed and the percentage of positive-staining cells was measured in a
FACS 420 flow cytometer (Becton Dickinson, Sunnyvale, Calif.). Data
are shown as either histograms or as the percentage positive-staining
cells = SD of at least five determinations.

Assay to measure the NS activity of bone marrow cells

The NS activity of bone marrow cells was measured by the capacity to
inhibit the activation of normal spleen cells in response to stimulation
through the TCR/CD3 complex. The bone marrow cells used for
measurement of NS activity were first irradiated (25 Gy), adjusted to
an equal number of viable cells, and then added at various ratios to 105
normal spleen cells in microtiter wells that had been coated with anti-
CD3 antibody (PharMingen). Controls included either the spleen cells
or bone marrow cells alone. After 5 days of incubation at 37 °C,
supernatants were collected from these cultures for assessment of
whether the bone marrow cells inhibited T-cell stimulation to release
interferon y (IFNY). IFNy in the supernatants was measured by enzyme-
linked immunosorbent assay (Endogen, Boston, Mass.). The cells that
remained in the microtiter wells were used to measure whether the
bone marrow cells inhibited T cell proliferation in response to TCR/
CD3 stimulation. Proliferation was measured with a tetrazolium-based
colorimetric assay in which the colored formazan product is directly
proportional to the number of cells (CellTiter96 AQ assay; Promega
Corp., Madison, Wis.). T cell blastogenesis was calculated as the
absorbance of the experimental cultures minus the absorbance of either
the background medium or the irradiated suppressor cells only. Data
are shown as means® SEM from at least four separate experiments,
each having triplicate determinations.

In some studies, the bone marrow cultures of CD34+ cells were first
depleted before the NS activity of the culture was assessed. This was
accomplished immunomagnetically by first mixing bone marrow cells
with ER-MP12 antibody for 30 min on ice. After washing, the CD34+
cells were isolated with anti-immunoglobulin-coated magnetic beads
(Miltenyi Biotec, Auburn, Calif.). The remaining cells were used as the
CD34-cell fraction. The capacity of these cell fractions to inhibit T cell
proliferation was then measured as described above. The efficiency of
CD34+ cell depletion of the bone marrow cells was verified by
incubating the cells overnight, washing and staining these cells by
indirect immunofluorescence with the ER-MP12 antibody and FITC-
conjugated anti-(rat Ig) antibody. The cells were then flow-cytome-
trically analyzed for positive staining. The results of six separate
verifications showed that, after depletion, the proportion of contam-
inating CD34+ cells ranged between 0 and 4%.

Analysis of data
Student’s #-test was used to determine the significance of differences

between control and experimental values in analyses for T-cell pro-
liferation, IFNYy production, and CD34+ cell frequencies.

Results

Increased NS activity in normal bone marrow cells after
culture with LLC-CM

Whether or not soluble products produced by metastatic
LLC-LN7 tumor cells could be responsible for the induc-
tion of NS activity that is typical of tumor bearers was
determined. This was accomplished by culturing bone
marrow cells from normal mice for various lengths of
time in the presence of supernatants from LLC-LN7 cells
or with control medium. Since the LLC-LN7 cells had
previously been shown to produce GM-CSF (approximately
200 U/1060 cells/24 h), bone marrow cells were also cultured
with recombinant GM-CSF. The NS activity of these bone
marrow cultures was then determined by irradiating the
bone marrow cells, adding them at a 0.5:1 ratio to normal
spleen cells, and measuring their capacity to inhibit the
splenic T cell proliferative response to stimulation through
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Fig. 1 Metastatic Lewis lung carcinoma conditioned medium (LLC-
CM) stimulates the appearance of natural suppressor activity in normal
bone marrow cells. Normal bone marrow cells (BM) were cultured for
various times with LLC-CM, granulocyte/macrophage-colony-stimu-
lating factor (GM-CSF) or only medium. After various times in culture,
the bone marrow cells were irradiated and added at a 0.5:1 ratio to
normal spleen cells. The capacity of the bone marrow cells to inhibit
splenic T cell proliferation in response to immobilized anti-CD3 was
measured by a tetrazolium-based colorimetric assay. Also shown are
the effects of freshly isolated normal bone marrow cells and bone
marrow cells from LLC-LN7-bearing mice on T cell activation. Data
shown are the mean absorbances + SEM of four separate experiments

the TCR/CD3 complex. In the absence of added bone
marrow cells, splenic T cells proliferated in response im-
mobilized CD3 antibody (Fig. 1). Freshly isolated normal
bone marrow cells had only a minimal inhibitory effect on
T cell activation. For comparison, the marked inhibitory
effect (P <0.001) of bone marrow cells that had been
isolated from tumor-bearing mice is also shown. Culturing
normal bone marrow cells for 3 days with medium only
resulted in a slight appearance of suppressive activity, but
this disappeared with further culture. In contrast, normal
bone marrow cells became suppressive to T cell activation
after 3 (P <0.001) or 8 (P <0.001) days of incubation with
LLC-CM. By day 12 of culture, the suppressive activity had
significantly subsided (P <0.002 compared to day 8) to
result in approximately 13% inhibition. Normal bone mar-
row cells also acquired NS activity after culture for 3
(P <0.001) or 8 (P <0.01) days with GM-CSF, although
the magnitude of suppression was not as extensive as that
which was induced by LLC-CM.

Shown in Fig. 2 are results of dose/response analyses in
which normal bone marrow cells that had been incubated
for 8 days with either medium, GM-CSF or LLC-CM were
added in varying proportions to a constant number of
normal spleen cells. At the highest ratio tested (1:1), the
medium-cultured bone marrow cells showed inhibitory
activity toward T cell proliferation in response to TCR/
CD3 stimulation (P <0.05). However, this NS activity was
no longer evident when the medium-cultured bone marrow
cells were added in lower proportions to the spleen cells. In
contrast, the NS activity of bone marrow cells that were
precultured with either LLC-CM or GM-CSF remained
evident when lower proportions of the bone marrow cells
were added to the spleen cells. The LLC-CM pre-cultured
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Fig. 2 Bone marrow cells that have been incubated with LLC-CM
have a more potent inhibitory activity than do cells that have been
incubated with either GM-CSF or medium. After 8 days of incubation
of normal bone marrow cells with either LLC-CM, GM-CSF or
medium, cells were irradiated, adjusted to an equal number of viable
cells, and added at various ratios to a constant number of normal spleen
cells. The effect of these bone marrow cells on the proliferative
response of the spleen cells to stimulation through TCR/CD3 was
measured colorimetrically. Data shown are the mean absorbances
1 SEM of four separate experiments

bone marrow cells showed the most potent inhibitory
activity, which was detectable even at a bone marrow to
spleen cell ratio of 0.25:1 (P <0.002).

Whether or not LLC-CM could also induce normal bone
marrow cells to inhibit T cell cytokine production was
measured by testing the effect of bone marrow cells that
had been incubated for 8 days with LLC-CM on T cell
stimulation to produce IFNYy (Fig. 3). Splenic T cells that
had been incubated on immobilized CD3 antibody pro-
duced readily detectable levels of IFNYy. This was not
significantly affected by the presence of normal bone
marrow cells that had been incubated with medium only.
In contrast, bone marrow cells became inhibitory to T cell
activation to produce IFNy after incubation with either
LLC-CM (P <0.01) or with GM-CSF (P <0.05). The
bone marrow cells that had been preincubated with LLC-
CM were slightly more inhibitory toward T cell production
of IFNy than were the GM-CSF-pretreated bone marrow
cells. Shown for comparison is the minimal inhibitory
effect of freshly isolated bone marrow cells and the promi-
nent inhibition of T cell production of IFNy by freshly
isolated bone marrow cells of LLC-LN7-bearing mice
(P <0.002).

The sum of the results shown in Figs. 1-3 demonstrate
that normal bone marrow cells are induced by LLC-LN7-
derived products to become inhibitory to T cell activation.
Furthermore, these results show that the suppressor-cell-
stimulatory effect of LLC-CM can be mimicked in part by
recombinant GM-CSF.

Increased CD34+ cell expansion from normal bone marrow
cells during culture with LLC-CM

Our prior studies had shown that progressive growth of
LLC-LN7 tumors results in an increased appearance of
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Fig. 3 Bone marrow cells that had been incubated with LLC-CM
inhibit splenic T-cell production of interferon y (IFNY). After 8 days of
incubation of normal bone marrow cells with either LLC-CM, GM-
CSF or medium, cells were irradiated and added at a 0.5:1 ratio to
normal spleen cells. The effect of these bone marrow cells on the
stimulation of the spleen cells by immobilized anti-CD3 antibody to
release IFNy was measured. Also shown are the effects of freshly
isolated bone marrow cells from normal mice and from LLC-LN7-
bearing mice on normal spleen cell stimulation to produce IFNY. Data
shown are the mean absorbances + SEM of four separate experiments

immunosuppressive CD34+ cells first in the bone marrow
and then also in the periphery [36, 40, 41]. Shown in Fig. 4
is an example of this increase in the proportion of CD34+
cells in the bone marrow of tumor-bearing mice as com-
pared to that found in normal mice. Since the intensity of
staining of bone marrow cells with the ER-MP12 antibody
varies with the level of maturity of the progenitor cells [9,
20, 21], we used histograms such as those shown in Fig. 4
to establish our definition of positive-staining cells. This
included cells that clearly stained positive as compared to
isotype controls, without necessarily limiting these cells to
being only the most brightly staining subpopulations.

On the basis of the increased levels of CD34+ cells in
bone marrow of tumor-bearing mice, studies next assessed
the possibility that the NS activity that was induced by
LLC-CM from normal bone marrow could likewise be
associated with an increase in the levels of CD34+ cells.
Flow-cytometric analysis of immunostained cells showed
that there was a relatively low proportion of CD34+ cells
among the bone marrow cells that had been cultured for 8
days in medium only (examples from a single culture in
Fig. 5, left panel; summary of six cultures in Table 1). The
bone marrow cultures containing recombinant GM-CSF
had an increase in the proportion of CD34+ cells (Fig. 5,
right panel). The proportion of CD34+ cells was further
increased in bone marrow cultures containing LLC-CM
(Fig. 5, middle panel). This increase in the frequency of
CD34+ cells within the LLC-CM-containing bone marrow
cultures was not due to the selective decline of other cell
populations since the total number of viable cells within the
LLC-CM bone marrow cultures was greater than in the
cultures containing GM-CSF or medium only (Table 1). By
day 12 of culture, the proportion of CD34+ cells in each of
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Fig. 4 Increased levels of CD34+ cells in the bone marrow cells of
LLC-LN7-bearing mice. The frequency of CD34+ cells in the bone
marrow from normal or LLC-LN7-bearing mice was determined by
indirect immunostaining with the ER-MP12 antibody, and then analyz-
ing the frequency of positive-staining cells by flow cytometry. Shown
are histograms of CD34+ cells in bone marrow cells from normal mice
(left panel) and from LLC-LN7-bearing mice (right panel). The
frequency of CD34+ cells is indicated in each panel

the cultures had declined to where they were no longer
readily detectable (not shown).

Induction of CD34+ NS cells requires tumor-derived
GM-CSF

The LLC-LN7 cell tumors have previously been shown to
express GM-CSF [38]. Whether or not GM-CSF is the
component of LLC-CM that stimulates the increased ap-
pearance of CD34+ cells from normal bone marrow was
therefore determined. Shown in Fig. 6 (left panel) is an
example of the increased development of CD34+ cells from
normal bone marrow cells after 8 days of culture with LLC-
CM. However, when the LLC-CM was first preincubated
with neutralizing antibodies against GM-CSF, its capacity
to stimulate the development of CD34+ cells was markedly
diminished (Fig. 6, right panel). The study shown in Fig. 6
is one of six such studies that were performed, each of
which showing that GM-CSF is a required component for
the LLC-CM to be able to stimulate increased levels of
CD34+ cells from normal bone marrow.

CD34+ cells mediate the immune suppression in bone
marrow cells that had been cultured with LLC-CM

Next it was determined whether the NS activity that was
induced from normal bone marrow by the LLC-CM could
be attributed to the increased numbers of CD34+ cells in
these cultures. Normal bone marrow cells that had been
preincubated for 3 days with LLC-CM were either unfrac-
tionated, or divided into CD34+ and CD34- cell fractions.
The numbers of cells in the CD34+ and CD34~ fractions
were not readjusted, to test how they contributed to the NS
activity of the unfractionated bone marrow cells. The
capacity of these fractions to inhibit T cell proliferation in
response to immobilized CD3 antibody was then measured.
While the unfractionated LLC-CM-cultured bone marrow
cells inhibited T cell activity, depletion of the CD34+ cells
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Fig. 5 Culturing normal bone marrow cells with LLC-CM increases
the proportion of CD34+ cells. Normal bone marrow cells were
incubated for 8 days with either medium, LLC-CM or GM-CSF. The
frequency of CD34+ cells in these bone marrow cultures was deter-
mined by immunostaining with the ER-MP12 antibody, and then
analyzing the frequency of positive-staining cells by flow cytometry.
Shown are histograms of CD34+ cells in bone marrow cells that had
been cultured with medium (left panel), LLC-CM (middle panel), or
GM-CSF (right panel)

reduced the levels of NS activity from these cultures
(P <0.02, Fig. 7). However, the NS activity remained
within the CD34+ cell fraction. These results show that a
significant level of the NS activity that is induced in normal
bone marrow cultures by LLC-CM is attributable to CD34+
cells. While the studies of Fig. 7 used bone marrow cells
that were cultures for 3 days with LLC-CM, similar results
were obtained with cells that were cultured with LLC-CM
for 8 days (data not shown).

Blocking the LLC-CM-induced development of NS activity
from normal bone marrow with 1,25(0OH)2D3

To determine if an inducer of myeloid cell differentiation
can overcome the LLC-CM-mediated expansion of CD34+
NS cells, the metabolically active vitamin D3 analog
1,25(0OH)2D3 was included with the LLC-CM-containing
bone marrow cultures. After 8 days of incubation, the bone
marrow cells containing only LLC-CM had a prominent
level of NS activity (Fig. 8; P <0.001 at ratios of 0.5 and
0.25). In contrast, the NS activity in cultures that also had
1,25(0OH)2D3 declined to essentially undetectable levels,
even when the bone marrow cells were added to the spleen
cells at a 1:1 ratio. Inclusion of 1,25(OH)2D3 with the
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Fig. 6 Neutralization of GM-CSF diminished the capacity of LLC-
CM to stimulate the increased appearance of CD34+ cells. Normal
bone marrow cells were incubated for 8 days with either control LLC-
CM, or with LLC-CM that had been first preincubated for 3 h with
neutralizing antibodies to GM-CSFE. After 8 days, the frequency of
CD34+ cells in these bone marrow cultures was determined by
immunostaining with the ER-MP12 antibody, and then analyzing the
frequency of positive-staining cells by flow cytometry. Shown are
histograms of CD34+ cells in bone marrow cells that had been cultured
with LLC-CM (left panel), or with LLC-CM that had been incubated
with anti-GM-CSF antibodies (right panel)

cultures containing normal bone marrow cells and recom-
binant GM-CSF similarly caused a decline in NS activity
(P <0.01 and 0.05 at ratios of 0.5 and 0.25 respectively).
The decline in NS activity in cultures containing
1,25(0OH)2D3 was accompanied by a decline in the propor-
tion of CD34+ cells to below levels of detectability
(Table 1).

Discussion

Progressive tumor growth has been shown to lead to an
increased appearance of bone-marrow-derived cells that are
suppressive to T cell function [17, 26, 42, 43]. Among these
cells having NS activity are CD34+ progenitor cells. In prior
studies, it has been assumed that the increased appearance
of these CD34+ NS cells occurs as a result of soluble
products that are derived from the tumor cells. The present
study tested this possibility by determining whether soluble
products from one such tumor that induces CD34+ NS cells,
the LLC-LN7 tumor, could stimulate increased levels of NS
activity from bone marrow cells of normal mice.

Table 1 Metastatic Lewis lung carcinoma conditional medium (LLC-CM) increases the levels of CD34+ cells in normal bone marrow cell

cultures; inhibition of this CD34+ cell development with 1,25(OH)2D3

Bone marrow cells incubated for 8 days with:

Measurement 1,25(0H)2D3 Medium LLC-CM GM-CSF

CD34+ cells (%) - 12+2 4918 2619
10-sM <1% 212 <1%

Cell number (MTT) - 0.38 £0.05 0.74%0.09 0.46£0.06

After 8 days of incubating normal bone marrow cells with medium,
LLC-CM, or granulocyte/-macrophage-colony-stimulating factor (GM-
CSF), in the presence or absence of lo, 25-dihydroxyvitamin D3
(1,25(OH)2D3), CD34+ cells were immunostained with ER-MP12
antibody and the proportion of positive-staining cells determined by
flow-cytometric analysis. Shown are mean absorbance values of

triplicate cultures from six different experiments +SD The number
of live cells in microtiter wells was colorimetrically estimated with a
tetrazolium (MTT) assay in which the intensity of color development is
proportional to the number of live cells. Shown are mean absorbance
values from six different experiments + SEM
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Fig. 7 Natural suppresor activity in bone marrow cells that had been
incubated with LLC-CM is mediated predominantly by CD34+ cells.
Normal bone marrow cells were cultured 3 days with LLC-CM. They
were then either unfractionated, or divided into CD34+ and CD34- cell
fractions. The capacity of these bone marrow fractions to inhibit
splenic T cell proliferation in response to immobilized anti-CD3 was
compared. Data shown are the mean absorbances +SEM of four
separate experiments

The results of these studies show that culturing normal
bone marrow cells with LLC-CM was sufficient to cause
the normal bone marrow to acquire increased suppressive
activity toward T cell activation through the TCR/CD3
complex, and that a significant level of this suppression
could be attributed to the increased development of CD34+
cells. Since prior studies had shown that the capacity of
tumors to induce CD34+ cells in vivo correlates with
whether the tumor can produce GM-CSF, the present
studies tested the extent to which GM-CSF contributed to
the development of CD34+ cells. Also tested was whether
GM-CSF was sufficient to stimulate the increase in CD34+
NS levels from normal bone marrow. These studies showed
that GM-CSF was a necessary component of the LLC-CM
for increasing CD34+ cell levels from normal bone marrow.
In addition, culturing normal bone marrow with recombi-
nant GM-CSF increased development of CD34+ NS cells.
However, the levels of CD34+ cells and NS activity that
were stimulated by GM-CSF were lower than those shown
to be induced by the LLC-CM, even though the concentra-
tions of GM-CSF used were similar to those that were in the
LLC-CM. This suggests that tumor-derived cytokines other
than GM-CSF contribute to the tumor stimulation of CD34+
NS. The identity of these additional cytokines has not yet
been resolved. However, in prior studies with recombinant
myelopoiesis-stimulatory cytokines, we determined that the
induction of NS activity by GM-CSF from normal bone
marrow could be synergistically enhanced by interleukin-3
(IL-3) [37]. While our preliminary studies have suggested
that the LLC tumor cells produce IL-3, we have not yet
tested the role of IL-3 within the LLC-CM in stimulating
the increase in CD34+ cells from normal bone marrow.

The development of NS activity is not unique to LLC-
LN7 tumor bearers. NS cells have been described in human
cancers, animal tumor models, in non-tumor models where
myelopoiesis is stimulated, and in normal human bone
marrow [7, 11, 15, 24, 32]. For example, NS activity has
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Fig. 8 10,25-Dihdroxyvitamin D3 [1,25(OH)2D3] (vitD) blocks the
development of natural suppressor activity in LLC-CM-containing
bone marrow cultures. Normal bone marrow cells were incubated for
8 days with LLC-CM (left panel), GM-CSF (right panel) or medium
(not shown), in the presence or absence of 1,25(OH)2D3. The inhibitory
effect of the bone marrow cells that had been incubated in the presence
or absence of 1,25(OH)2Ds3 on splenic T cell proliferation (0.5:1 ratio)
in response to immobilized anti-CD3 was compared. Data shown are
the mean absorbances * SEM of four separate experiments

been described during recovery from high-dose chemother-
apy, and in the peripheral blood after mobilization with
GM-CSF [7, 15]. Our studies have shown increased levels
of CD34+ NS cells within the peripheral blood and within
the cancer tissue of patients with GM-CSF-producing
HNSCC [12, 42]. These CD34+ NS cells from either
HNSCC patients or from mice with LLC-LN7 tumors
mediate their NS activity predominantly through produc-
tion of TGF-B [43, 44].

Although the LLC-CM caused a prominent expansion of
CD34+ cells from normal bone marrow and the acquisition
of potent NS activity, this was transient, with NS activity
being prominent after 3 and 8 days of culture, and subsiding
by 12 days. We speculated that this decline by 12 days of
culture was probably due to the loss of CD34+ cells through
their differentiation into nonsuppressive progeny cells.
Therefore, the possibility was tested that it may be possible
to block the development of NS activity with compounds
that can induce myeloid differentiation. Our results sup-
ported this possibility by showing that the metabolically
active hormone 1,25(OH):D3, which has previously been
shown to accelerate myeloid differentiation [10, 12, 33],
reduced the expansion of CD34+ cells and, in turn, the
development of NS activity. The characteristics of the
differentiated progeny cells that result from the LLC-CM-
containing bone marrow cells that had been cultured with
1,25(OH)2D3 have not been analyzed in the present studies.
Nor has it been determined whether these cells are similar
to those that would develop after exposure of bone marrow
of tumor-bearing mice to 1,25(OH):D3. Nevertheless, these
studies have shown that tumor-derived soluble products
induce the appearance of NS activity from the bone marrow
of normal mice and that the NS activity is attributable to the
expansion of CD34+ cells. GM-CSF is a significant con-
tributor to this development of CD34+ NS cells, but perhaps
it is not the only mediator of suppressor cell development.
That 1,25(OH)2D3 can prevent this development of CD34+
NS activity can suggest strategies for blocking this immu-
nosuppressive mechanism of tumors.
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